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OBSERVATION ON THE ECCRINE SWEAT GLANDS OF LEMUR
MONGOZ AFTER DENERVATION*
MINORU SAKURAI, M.D.** AND WILLIAM MONTAGNA, PH.D.***
In this paper we report the changes that
occur in the responses of the eccrine sweat
glands oi the volar surfaces of the digits of
Lemur mongoz to sudorific drugs after the
nerve trunks to the hand were severed. Al-
though the pharmacological properties of
these glands in the intact hand have some
resemblance to those of man, their behavior
after denervation is different. Lemur mongoz,
a relatively primitive mammal, low in the
Order of Primates, and a distant relative of
man, has eccrine glands only on the volar sur-
face (1). Since these animals are difficult to
obtain, we have had to limit our observatioi to
4 animals.
METHODS
These observations were made on two pairs
of adult Lemur mongoz, beginning immediately
after denervation and continuing for 13 weeks
thereafter.
The denervation of the hands was performed
in the following way: the animals were tran-
quilized with 1-( 1-phenylcyclohexyl) piperidine
hydrochloride (Sernyl) in doses of about 1.0 to
3.75 mg/kg body weight. The ulnar and median
nerves were exposed through an incision on the
medial surface of the upper arm and the radial
nerve was exposed on the lateral surface.
The nerves were identified by stimulating them
electrically and following the movements of the
hand and fingers; after the nerves were cut, 1
cm segments were removed from each proximal
stump to prevent repair.
We studied the responses of the sweat glands
to the muscarinic action of acetyl-beta-methyl
choline (Mecholyl, Merck) in concentrations of
10, 10° and 10. In order to elicit axon reflex
sweating, we used nicotine (K & K Laboratory)
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in a concentration of 10-s. The drugs, prepared
fresh each time in 0.85% physiological saline solu-
tion, were injected intradermally at the finger tips
in a volume of 0.02 ml within approximately 2
sec. Before each experiment, the animals were
tranquilized and both hands were tied loosely on
a board so as not to interfere with the blood
circulation, with the fingers extended.
Deep tranquilizing with Sernyl in doses of more
than about 3.0 mg/kg body weight, usually stops
spontaneous sweating in normal hands, but one
male showed occasional sweating on the normal
hand even after the administration of the tran-
quilizer in a dose of 3.75 mg/kg body weight.
Observations on sweating produced by the applica-
tion of drugs on the normal control hand were
made after spontaneous sweating had been
stopped by the tranquilizer.
Sweat responses were recorded on the bromphe-
nol blue printing paper (1, 2), which was pressed
to the finger tips or palms with a soft plastic
sponge about 1.5 cm thick, for one minute at
each test time. The surface was always wiped dry
before the prints were made. Sweat is recorded as
blue dots on an orange-yellowish background.
Intensity of sweat imprints was classified into
five groups as follows: 1-faint but detectable; 2-
partially dotted; 3-completely dotted; 4-partially
coalesced; 5-coalesced. In the observations on
spontaneous sweating in the denervated hand, the
bromphenol blue paper was pressed onto its sur-
face for 2 minutes or longer, when necessary. The
responses to mecholyl were recorded at 1, 3, 5, 7
and 10 minutes after the start of injection, and
every 5 or 10 minutes, thereafter. For axon reflex
sweating, prints were made 30 seconds, 2 minutes,
3½ minutes and 5 minutes after the start of in-jection of nicotine because this response disap-
pears quickly.
The sweat prints must be handled carefully lest
they become contaminated by the investigator's
own sweat. The prints cannot be kept permanently,
but remain unchanged for some time in a dry
environment. When immersed in melted paraffin
and kept dry, the prints can be kept for several
months; for permanent records, prints should be
photographed. This method is superior in sim-
plicity to that of Randall (3) which requires for
repeatedly applying iodine to the surface of the
skin, and also in preserving the prints for longer
period of time.
Sweat responses to drugs were examined im-
mediately after denervation, after 24 hours, 2,
4 days and, thereafter, every week.
Small biopsy specimens were removed from the
denervated palm or finger-tips, and also from the
j
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FIG. 1. Sweat response to mecholyl 1O in a normal finger-tip. These imprints were made by pressing
the paper for one minute at the intervals indicated. X2
corresponding sites of the normal hand. Cholines-
terase was demonstrated in these specimens with
the method of Koelle and Friedenwald (4), as
modified by Gomori (5), and Montagna and
Ellis (6). Eighty c frozen sections of unfixed tissue
were incubated for 4 hours in the acetylthiocholine
iodide mixture and butyrylthiocholine iodide mix-
ture buffered to pH 5.9. As controls, sections were
incubated in a similar mixture to which had been
added eserine in concentration of 1O.
RESULTS
Spontaneous sweating
Spontaneous sweating disappeared com-
pletely from the operated hand in all 4 ani-
mals immediately after denervation. The skin
temperature of the operated hands rose at
once and remained at least for the observation
period of 3 months higher than that of the
control hand. The denervated hands were
dry and in the later periods of the experiment
showed some desquamation.
Sweat responses to mecholyl
In the normal hand, the most intense sweat
response to mecholyl was always recorded on
the first print, made one minute after the
start of injection; thereafter sweating de-
creased gradually (Fig. 1). The sweating was
barely evoked by 10 mecholyl; prints made at
this concentration were very faint and were
often illegible, Sweating produced by 10°
usually disappeared from 5 to 15 mm.; that
produced by 10 lasted usually from 10 to 20
mm. Sweat responses to 10 were always
stronger than those to 10°. The concentration
of 10° was used to compare the magnitudes of
the response in the normal and denervated
hands.
After denervation, the patterns of sweat re-
sponses to mecholyl were changed, as shown in
Figure 2 and Tables I and II. Although 24
hours after denervation the pattern of sweat-
ing in operated hand was similar to that of
the normal one, the intensity of the sweat dots
on the imprints was weaker than that in the
control. Two days after denervation the ap-
pearance of the maximal sweat response in-
duced by mecholyl was delayed and the re-
sponse lasted longer. Both the delay and
prolongation of response in the denervated
hands became increasingly evident in the
later stage of denervation. Figure 3 shows
representative patterns one week after dener-
vation. The most intense imprints of sweat dots
obtained from denervated hands were always
weaker than those from the normal hands, but
the amount of sweat discharged from the
former would not be less, because the duration
of sweating was markedly prolonged. Such
patterns of sweat response remained unaltered
for about 3 months in two animals, as shown
in Figure 2.
When mecholyl at a concentration of 10
was used, there was the usual pattern of delay
in the appearance of sweating and the duration
of sweating was greatly prolonged. In one ani-
mal, for example, sweating lasted about two
hours one week after denervation in contrast
with the normal sweat response which disap-
peared within 20 minutes after injection.
Axon reflex sweating elicited by nicotine
An injection of 10 nicotine in physiological
saline induced immediate profuse sweating
around the injection site in the normal hand.
When bromphenol blue paper was pressed 30
seconds after the start of injection for one
minute, blue dots of almost the same degree of
intensity as those produced by 10° mecholyl
were obtained; prints made 2 minutes after
the injection were very faint. No sweating oc-
curred after 3½ minutes.
Sweating patterns elicited by nicotine from
30 minutes to 3 hours after denervation were
-)
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TABLE I
The Time at Which the Most Intense Sweat Response was Recore1 on the Printing
Paper after the Intradermal Injection of 10—6 Mecholyl
Time after denervation Male No. 1 Fernale No. 1 MaIc No. 2 Female No. 2 Control
mm mm mm Thin ,nin
Within
3hrs 1 1 1 1 1
24hrs — — 1 1 1
2days 3 3, 5 1, 3 1 1
4 days 15, 20 7, 10, 15 3, 5 5 1
iweek 10, 15, 20,25 7, 10, 15 5, 7, 10 15 1
2weeks — — 15 7, 10 1
5 weeks — — 7 3, 5, 10, 15 1
10 weeks — — 3, 5, 7, 10, 15 5, 7, 10, 15 1
3 months — — 5, 7, 10 10 1
TABLE II
Duration of Sweating Produced by Intradermally
Injected 106 Mecholyl
Time alter
deneration
Male
No. 1
Female Male
No. 2 No. 2
Female
No. 2 ontro
Less
than
Less
than
Less
than
Less Less
than than
Within
3 hrs
24hrs
2 days
4 days
1 week
2weeks
Sweeks
10 weeks
3 months
nin
10
—
20
25
60
—
—
—
—
n11fl
7
—
20
30
30
—
—
—
—
mm
15
10
7
10
25
45
40
30
25
nin
10
5
10
20
25
25
35
30
25
mm
7—15
5—15
7—15
15
15
15
15
10
15
similar to those in the normal hand. Two days
after the operation, however, nicotine-induced
sweating lasted until 7 to 11 minutes. Four
days after denervation and later nicotine pro-
duced no sweating.
Cholinest erase in the nerve fibers around
the eccrine sweat glands
Butyrylthiocholine iodide was not split histo-
chemically, so that activity of butyrylcholin-
esterase can be excluded in nervous elements
of Lemur monoz.
In normal hands, the nerve fibers around the
sweat glands and the sensory nerve fibers
underneath the epidermis, all contained acetyl-
cholinesterase (Fig. 4). The enzyme remained
demonstrable until 2 days after the nerve trunk
had been severed; after 4 clays, there was a
FIG. 2. Sweat response to 10 mecholyl on a finger-tip denervated for 5 weeks. X2
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FIG. 3. Pattern of sweat response to 1O mecholyl in skin which had been denervated one week
previously as compared with the normal response. Sweating was graded in the following way: 1-faint
but detectable; 2-partially dotted; 3-completely dotted; 4-partially coalesced; 5-coalesced.
FIG. 4. Acetylcholinesterase in the nerve fibers around an eccrine sweat gland in normal tissue.
X 95
FIG. 5. Acetylcholinesterase in the nerve fibers around an eccrine sweat gland 4 days after the nerve
was severed. The reaction is faint and the nerves appear like dotted lines. X95
FIG. 6. Complete disappearance of acetylcholinesterase around the sweat glands one week after the
nerves were severed. X95
diminution in reactivity, and the nerves ap-
peared like dotted lines (Fig. 5). One week
later, acetylcholinesterase could no longer be
demonstrated (Fig. 6).
DISCUSSION
The site of action of cholinomimetic agents,
such as acetylcholine, pilocarpine and mecholyl
has been studied by many investigators in
man and animals, but the reports are often
conflicting.
List and Feet (7) and others (8, 9, 10, 11,
12, 13) observed that sweat responses to
sudorific agents decrease after peripheral
nerve section or postganglionic sympathec-
tomy. Silver et al. (14) also reported recently
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that they failed to elicit a response to acetyl-
choline in denervated human hands. Braeucker
(15), however, found a positive response to
pilocarpine in man 10 months after sympathec-
tomy. Langley and Anderson (12) and Wilson
(16) observed a sweating response to pilo-
carpine in the cat after the peripheral nerves
were sectioned. Randall and Kimura (17)
found in the cat some positive response to
mecholyl in skin deprived of its sympathetic
nerves, suggesting that parasympathornirnetic
drugs may act directly upon some receptors
in the gland itself. Similarly, the present experi-
ments showed that in Lemur mongoz the sweat
response to mecholyl was found for a period as
long as 3 months after the nerves had been
sectioned. Thus, it is very likely thit in this
animal, as in the cat, mecholyl acts directly
upon the glands.
The sweating patterns produced by mecholyl
after denervation in Lemur mongoz show a
delayed response to drug action and a pro-
longed duration of response. The delayed
response probably would be due to lowered
sensitivity to pharmacological agent of sweat
glands caused by denervation. Randall and
Kirnura (17) suggested that denervation
might result in subtle changes in structure
and/or function of the gland. The prolongation
in the duration of sweating began to be mani-
fest 4 days after denervation, at the time when
acetylcholinesterase in the nerve fibers around
the sweat glands was disappearing. When
acetlcholinesterase completely disappeared at
the end of one week, the duration of sweating
became still longer. Perhaps this phenomenon
is brought about by the disappearance of
acetylcholinesterase, which destroys acetyl-
choline (18).
Sweat glands of humans are said to be excep-
tions to Cannon's law (19, 20). Still, Burn (21)
and Simeone et at. (22) observed in the cat an
eirly increased responsiveness of sweat glands
to pharmacological agents after the post-
ganglionic fibers had been severed. Nakamura
and Hatanak (23) also showed that eccrine
sweat glands in the foot pads of the cat were
hypersensitive to adrenaline, nicotine and
mecholyl for several weeks after denervation,
and the effect of these drugs lasted longer than
in normal foot pads. These results correspond
somewhat to those obtained in Lemur mongoz.
The fact that axon reflex sweating was
elicited by nicotine immediately after denerva-
tion but disappeared after 4 days, indicates that
this response depends upon the integrity of
both the sweat nerve fibers and sweat glands.
This result is compatible with that of the
experiment on the cat which was reported by
Wada et at. (24). There is no definite evidence
for the localization of an axon reflex receptor
(13, 25, 26, 27, 28, 29). In Lemur mongoz
also the nervous elements responsible for the
sweating axon reflex are degenerated by dener-
vition; whereas the receptor substances of the
glands remain functional so that they can still
be stimulated by mecholyl.
There was observed extinction in acetyl-
cholinesterase in the nerves around the glands
when the axon reflex sweating was no longer
produced (Fig. 5). Sawyer (30) calculated in
the guinea pig a loss of 60% of the cholinester-
ase in peripheral nerve fibers within a few
days after they were sectioned, and Erlanger
and Schoepfle (31) reported that degeneration
of peripheral nerves is complete in 4 days.
Our results agree with these findings.
Finally, it should be noted that the nerve
fibers around the eccrine sweat glands of the
friction surface of Lemur mongoz contain
acetylcholinesterase (Fig. 4) (28), a situation
similar to that found in man (32—35). Although
the pharmacological properties of the normal
eccrine sweat glands of Lemur mongoz are
somewhat similar to those of man, the re-
sponsiveness of denervated glands to certain
drugs is rather analogous to those of the cat.
Yet, the nerve fibers around the sweat glands
of the cat contain butyrylcholinesterase and
not acetylcholinesterase (36). For elucidation of
this problem, further comparative anatomical
and physiological studies of the sweat glands
of primates and other mammals are needed.
SUMMARY
Sweat responses to sudorific agents have
been studied in normal and in completely
denervated hands of Lemur mongoz. The re-
sponses to mecholyl were delayed after
denervation, and the duration of the sweat
response was longer than in normal hands. The
response to mechol I was found to occur even
13 weeks after denervation. Axon reflex sweat-
ing elicited by nicotine, however, disappeared
4 days after denervition. Acetylcholinesterase
activity in the nerve fibers around the sweat
asly increased res si   
 delay
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gland was demonstrated histocheniically and
found to disappear 4 to 7 days after the nerves
had been severed.
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